Background: Cigarette smoking has been associated with the risk of idiopathic pulmonary fibrosis (IPF). Certain comorbidities have been associated with reduced survival although some studies have indicated that current smokers have a longer survival than ex-smokers. Comorbidities in relation to smoking history have not been previously analyzed. Methods: Retrospective data was collected and patients were categorized according to gender and smoking habits. Comorbidities and medications were collected. Predictive values for mortality were identified by COX proportional hazard analyses. Results: We examined 45 non-smokers (53.3% female), 66 ex-smokers (9.1% female) and 17 current smokers (17.6% female) with IPF. Current smokers were younger at baseline (58.1 ± 8.74 years) compared to non-smokers (71.4 ± 8.74, p < 0.001) and ex-smokers (72.5 ±7.95, p <0.001). Median survival of non-smokers and current smokers was longer (55.0 and 52.0 months, respectively) than that of ex-smokers (36.0 months) (p=0.028 and 0.034, respectively). In age and severity adjusted analyses, smoking was not related to survival. Cardiovascular diseases (CVD) (72.7 %) were the most common comorbidities, current smokers had more chronic obstructive pulmonary disease (COPD) and lung cancer compared to ex-smokers (p<0.001). CVD, COPD and use of insulin were related to poorer survival in adjusted analyses. Conclusions: Smoking seems to influence the course of disease in IPF since current smokers developed the disease at a younger age in comparison to non-smokers and ex-smokers. No significant differences in the major comorbidities were detected between IPF patients with different smoking histories. The mechanism through which smoking influences IPF progression requires further investigation.
Background
Cigarette smoking has been shown to associate with the risk of developing idiopathic pulmonary fibrosis (IPF) with ever-smokers having a 60 % higher risk [1] . There are, however, controversial reports on how smoking affects survival in IPF. Current smokers at the time of IPF diagnosis have been found to have longer survival times than ex-smokers as well as non-smokers and exsmokers; however, if one applies the composite physiologic index (CPI) for severity adjustment, then neversmokers had longer survival times than ever-smokers (i.e. current and ex-smokers) and furthermore the survival difference between current and ex-smokers disappeared [2, 3] . A recent study found that ever-smokers with IPF lived longer than never-smokers who, however, revealed significantly higher CPI and thus severity adjusted survival remained significantly different between the two groups [4] . Males with current or past smoking histories and occupational exposure have been reported to carry an increased risk of IPF compared to nonexposed females [5] .
In addition to smoking, comorbidities might influence the progression of IPF i.e. patients with several comorbidities have been shown to exhibit worse survival than those not burdened by comorbidities [6] . The most prevalent comorbidities in IPF have been shown to be pulmonary hypertension, obstructive sleep apnea (OSA), lung cancer, chronic obstructive pulmonary disease (COPD), coronary artery disease (CAD) and gastro-esophageal reflux (GER) [7] . Furthermore, IPF-patients have been reported to have an increased risk of vascular disease, diabetes and hypertension [6, [8] [9] [10] . Thyroid disease, diabetes, CAD and lung cancer are all illnesses that have been shown to associate with shortened survival in IPF, whereas the use of GER medication has been claimed to prolong patient lifespans [10] [11] [12] [13] [14] [15] . The results on the use of statin and anticoagulant medications on the survival of IPF patients have been controversial [10, [16] [17] [18] [19] .
The aims of this study were to evaluate the clinical and radiological characteristics of patients with IPF in a retrospective cohort from an eastern Finnish Hospital and to subdivide them according to smoking history i.e. nonsmokers, ex-smokers and current smokers in both the whole study group, and also separately for female and male patients. Furthermore, we wanted to examine the numbers and types of comorbidities and medications, and evaluate their effect on survival of the patients.
Materials and Methods

Patients and data collection
A total of 223 patients (91 female, 132 male) with pulmonary fibrosis treated in Kuopio University Hospital between 1 st January 2002 and 31 st December 2012 were collected from medical records of the hospital by using International Classification of Diseases version 10 (ICD-10) codes J84.1, J84.8 and J84.9. Clinical, radiological and histological information of each patient was transferred from medical records to special data collection forms designed for the present study. Pulmonary fibroses with a known etiology, i.e. connective-tissue disease, occupational exposure etc., were excluded. The data concerning comorbidities and survival was updated on 16 th October 2016.
Smoking status was categorized as non-smoker, exsmoker and current smoker and collected as years, packyears or both if available. Ex-smokers were defined as having smoked regularly for more than one year, and longitudinal changes in smoking habits after the diagnosis of IPF were not considered. The presence of comorbid diseases i.e. COPD, asthma, hypertension, heart failure for any reason, CAD, cerebral infarction, transient ischemic attacks, OSA, lung cancer, GER, depression, diabetes and other cancers were gathered from the medical records; in this case the time of diagnosis was the cut-off for subdivision into either before or after the diagnosis of IPF. Pulmonary function tests (PFT) included results of spirometry i.e. forced vital capacity (FVC), forced expiratory volume in one second (FEV1) and FEV1/FVC ratio, diffusion capacity i.e. diffusion capacity of carbon monoxide (DLco) and potential value of diffusion capacity per liter of lung volume (DLco/VA). PFT results were expressed as absolute numerical values and percentages of predicted values. Information from histological samples from surgical lung biopsy or autopsy was gathered.
No consents for inclusion into this study were gathered since this was a retrospective study and the majority of the patients are deceased. The study protocol was approved by the Ethical Committee of Kuopio University Hospital (statement 17/2013) and from the National Institute for Health and Welfare (Dnro THL/1052/5.05.01/2013). Permission to use data from death certificates was given by Statistics Finland (Dnro: TK-53-911-13). This study was conducted in compliance with the Declaration of Helsinki.
Assessment of clinical, radiological and histological data
The PFT were evaluated using the Finnish reference values [20] . CPI was calculated from the PFT results as follows: 91.0 -(0.65 x % predicted DLco) -(0.53 x % predicted FVC) + (0.34 x % predicted FEV1) [21] . The findings of the first and last high resolution computed tomography (HRCT) of each patient were re-evaluated by a radiologist according to the recent statement of the American Thoracic Society (ATS) and European Respiratory Society (ERS) and re-classified as usual interstitial pneumonia (UIP), possible UIP and not UIP [22] . All the patients whose re-analyses were categorized as not definite UIP in HRCT were evaluated by a multidisciplinary discussion with a radiologist, a pathologist and a pulmonologist before being included into the present study. Either death or lung transplantation were considered as end-points in the survival analyses.
Statistical analysis
Statistical analysis was performed with IBM SPSS Statistics version 21. Group differences were tested by KruskallWallis or Mann-Whitney U-test for continuous variables and by Chi-square testing or Fisher exact test for categorical variables. Data is presented as mean with standard deviation for continuous variables or frequencies with percentages when variables are categorical. Survival curves were estimated by the Kaplan-Meier method and differences in survival were compared using log-rank test, in addition median survival is expressed. Univariate and multivariate survival analysis were computed using Cox regression models. Results from Cox survival analyses are shown in the form of a hazard ratio with 95 % confidence intervals. An ordered logistic regression was performed in order to evaluate the impact of age and smoking status on the number of comorbidities. P-value < 0.05 was considered as statistically significant.
Results
Demographics and unadjusted survival
A total of 132 patients with IPF were evaluated in this study; of these, 97 (73.5%) were male and 35 (26.5%) female. The mean age of the patients at the time of diagnosis was 70.5 years and the median survival 45.0 months. When we updated the data (16 th October 2016), a total of 115 patients had deceased and 15 patients were still alive. Three patients (one of whom had died) had undergone lung transplantation. Two males and 2 females had an unknown smoking history. From the 128 (96.7%) patients with a known smoking history, 45 (35.2%) were non-smokers, 66 (51.2%) ex-smokers and 17 (13.4%) were current smokers. There were more female non-smokers (p <0.001) and fewer ex-smokers than their male counterparts (p <0.001) but no gender difference was seen in the proportion of current smokers (p=0.410). Current smokers had smoked for significantly more years and more pack-years than ex-smokers and they were also significantly younger at the time of diagnosis and at death compared to non-smokers and exsmokers; this remained the case when male patients were analyzed separately. Current smoker females were younger at the time of diagnosis compared to exsmoking females (0.036) and they died at a younger age than their non-smoking counterparts (p=0.038). Female patients had significantly longer survival time compared to males, 42.2 months and 29.1 months, respectively (p=0.039) and ex-smokers had a shorter survival time compared to current smokers and non-smokers (Table  1 , Fig. 1 ). No significant differences in PFT results, CPI values or HRCT findings were detected between the groups of different smoking histories (Table 1) .
In the univariate analyses, DLco% and CPI were significantly related to survival: for DLco% hazard ratio (HR) was 0.97 with 95% confidence interval (95% CI) 0.96 -0.98 and with p-value <0.001 and for CPI HR was 1.04, 95% CI 1.02 -1.06 and p-value < 0.001. For that reason DLco% and CPI were used in the severity adjustment in the multivariate analyses.
Step-by-step multivariate analyses When survival differences were compared between exsmokers and current smokers in step-by-step multivariate analyses i.e. adding one factor at a time to the model using DLco % and CPI in severity adjustment, the survival difference in favor of current smokers was reduced to a marginally non-significant level (p=0.098 and p=0.128, respectively). When age at the time of diagnosis was added into the multivariate analyses, smoking history no longer exerted any statistically significant effect on survival (Table 2) . When survival differences were compared between ex-smokers and non-smokers, the better survival of non-smokers disappeared after severity adjustment with DLco% and CPI while age remained as a significant predictor of survival (Table 3) . Male gender was found to be a significant risk factor for shorter survival when comparing ex-smokers and non-smokers, but not in the comparison between ex-smokers and current smokers (Tables 2 and 3 ).
Comorbidities and medications
Twenty-one (15.9%) of the patients did not have any comorbidities while 36 (27.3%) had one, 30 (22.7%) had two, 20 (15.2%) had three, 21 (15.9) had four and 4 (3.0%) had five comorbidities. The most common comorbidities were cardiovascular diseases (CVDs) (72.7 %) (Fig. 2 ). Females were more likely than males to suffer from asthma, hypertension or diabetes. Current smokers had significantly more COPD (p=0.000) and lung cancer (p=0.006) compared to ex-smokers, this difference was observed in males, but not in females when the data was subdivided according to genders (Table 4) . The multivariate analyses were adjusted for age, gender and smoking status and in addition, DLco % or CPI in two different models (Table 5 ). In multivariate analysis with DLco %, CVD and COPD were related to poorer survival and in the multivariate analysis with CPI, it was noted that the use of insulin was related to poorer survival (Table 5 ). In the ordered logistic regression, age, but not smoking history, exerted a significant impact on the number of comorbidities (standardized beta coefficient 1.044, p= 0.003), but the number of comorbidities did not have any statistically significant effect on survival even in multivariate analyses. Comorbidities had been most often diagnosed before IPF (Fig. 2) . CVDs and CAD were more often diagnosed before IPF in ex-smokers compared to current smokers (p <0.001, for both) and non-smokers (p=0.011 and p=0.016, respectively). CVDs were also more likely to be diagnosed before IPF in non-smokers than in current smokers (p=0.044) and in non-smoking males in comparison to male ex-smokers (p=0.002). Nonsmokers (p=0.046) and ex-smokers (p=0.001) had received a GER diagnosis more often before the diagnosis of IPF compared to current smokers (p=0.046 and 0.001, respectively). After adjustment for age, smoking status, gender and separately both DLco % and CPI, it was found that the time of the comorbidity diagnosis in relation to the IPF diagnosis did not have any effect on survival.
Pharmacological treatments for IPF are presented in Table 6 , symptomatic medical treatment in Table 7 and medications for comorbidities in Table 8 .
Discussion
The smoking habits in conjunction with gender, clinical characteristics and comorbidities were studied in this retrospective real-life IPF population revealing that exsmokers had a shorter survival time compared to nonsmokers and current smokers. Furthermore, current smokers were significantly younger at diagnosis and at death than non-smokers and ex-smokers, but no differences in the major comorbidities i.e. CVD, CAD, hypertension, diabetes were found in relation to smoking history. Current smokers, who had smoked for more years and had more pack-years than ex-smokers, had more smoking-associated comorbidities such as COPD and lung cancer.
The results of our study confirm the findings of the previous studies in which unadjusted survival time was longer in current smokers and in non-smokers than in ex-smokers and similarly severity adjustment eliminated the survival advantage [2, 3] . We also observed that at the time of IPF-diagnosis, current smokers were significantly younger than either non-smokers or ex-smokers, a finding in agreement with several published studies [2, 3] . When compared to previous studies, however, exsmokers and non-smokers were remarkably older but had better preserved lung function [1] [2] [3] . In our study however, despite the younger age of current smokers, the PFT and CPI did not differ between the groups of different smoking histories, although current smokers had smoked significantly more years and pack-years compared to ex-smokers. When comparing the severity adjusted survival of current smokers and ex-smokers, there was still a marginal non-significant survival advantage for current smokers but this became diminished when age was added into the model. This may be due to under-powering i.e. the low number of patients, but it is however noteworthy that the proportion of current smokers was higher (13%) in our study than in the publication of Antoniou et al. (8%) in which a survival difference was abolished when CPI was incorporated into the severity adjustment [2] .
Differences in the proportions of current smokers, non-smokers and ex-smokers can be seen in published studies from different countries. In our study, 35.2% of the patients with IPF were non-smokers. In the Finnish IPF register, in which the patients are collected prospectively including patients from the year 2012 onwards, as many as 44% of the patients were non-smokers [23] . However, the registry includes only patients who have provided consent to participate, meaning that the IPF patients with rapidly progressing disease or older age [10] . This may be due to cultural differences and also the reason why the "healthy smoker effect" was not displayed in our study. The "healthy smoker effect" is a term originating from COPD studies; it has been used to explain why current smokers exhibit milder disease than non-smokers and exsmokers in terms of PFT, DLco and CPI [2, 24] . This effect was not confirmed in our IPF population. King et al. claimed that current smokers had a longer survival than ex-smokers [3] . Current smokers were younger compared to those with other smoking histories which meant that age was found to be a significant predictor of survival [3] . This study disagrees with the study Fig. 2 Prevalence of comorbidities in the IPF patients are presented as percent of total (N=132). The time of comorbidity diagnoses are presented before and after the diagnosis of IPF. CVD includes CAD, HT and CI. B, diagnosed before the diagnosis of IPF; A, diagnosed after the diagnosis of IPF; CVD, cardiovascular disease; CAD, coronary artery disease; HT, hypertension; DM, diabetes; HF, heart failure for any reason; GER, gastro-esophageal reflux; COPD, chronic obstructive pulmonary disease; CI, cerebral infarction; TIA, transient ischemic attack; OSA, obstructive sleep apnea. Other cancers treated before the diagnosis of IPF included seminoma, melanoma, basal cell carcinoma, renal, ventricular, prostate, bone, colorectal, breast and thyroid cancer. One patient had three different cancers. Two colorectal cancers were detected after the diagnosis of IPF Heart failure for any reason of King et al. since ex-smokers and non-smokers were remarkably older at the time of diagnosis and furthermore, no significant differences in the PFT and DLco results were observed. The reason why non-smokers and ex-smokers were about 10 years older at the time of diagnosis in this study compared to previous studies is uncertain but may partly explain the reason why current smokers exhibited a longer survival [2, 3] . A more recent study comparing non-smoking IPF patients to a combined group of ex-smokers and current smokers confirmed our results of non-smokers being mostly female, but found no difference in age between the groups [4] . In that particular study, non-smokers had significantly worse survival, lower DLco and higher CPI and even adjusted for CPI, the poorer prognosis of non-smokers was retained and baseline CPI, DLco% and FVC % were not statistically significantly predictive for survival, a finding which is different from that of Antoniou's et al. [2, 4] .
In our study, the HRCT classification was performed according to the present guidelines [22] . We found that the most common pattern in HRCT in non-smokers was definite UIP in agreement with previous reports [4, 22] . Our results are also in line with the previous publications showing that non-smokers accounted for 35.4 % of the definite UIP patterns in HRCT. Furthermore, the gender distribution between the different radiological categories was similar as in other reports [25, 26] .
The prevalences of GER, lung cancer, COPD, hypertension, CAD and diabetes were in line with most previous publications, although OSA was less frequent (4.5 %) in our cohort [6, 7, 27] . Our results support the earlier findings that CVDs are the most common comorbidities experienced by IPF patients [7, 28] . It has been reported that the overall number of comorbidities is significantly associated with survival in IPF, but this was not the case in our patients [6] . IPF patients with CAD have been reported to have worse outcomes [12] . If CVDs were diagnosed after the diagnosis of IPF, this was associated with increased mortality in IPF as was also the presence of either diabetes or thyroid disease [11] . In contrast, in our study, diabetes, thyroid medication and CAD alone did not influence survival, and furthermore, the CVDs and CAD had been most often diagnosed before the diagnosis of IPF. This may be caused by the high prevalence of CVD and CAD in eastern Finland [29] . However, the diagnosis of any CVD and COPD at any time and the use of insulin medication at the time of diagnosis were related to poorer survival in the severity adjusted analyses. Our results revealed no effect of statin and anticoagulant medication on survival in IPF unlike previously published investigations [6, [16] [17] [18] [19] . The use of GER medication and a GER diagnosis have been associated with longer survival times in some previous investigations, but here, they exerted no effect on survival [6, 15] . In this study cohort, female IPF patients had more asthma and diabetes than their male counterparts. Current smokers had more COPD and lung cancer compared to ex-smokers probably due to the fact that current smokers had smoked more than ex-smokers in terms of both years and in pack-years. When comparing the subgroups with different smoking histories, surprisingly, no statistically significant differences were detected in the proportion of patients with CVD, CAD or GER as Metformin, glimepiride and sitagliptin comorbidity. In this study, we could not prove that smoking history had any significant effect on major comorbidities or their prevalence, and even although older age seemed to add to the number of comorbidities, the quality and severity of the comorbidity were probably more important than the actual number of comorbidities.
Conclusions
It can be speculated that smoking may, at least partly, influence the onset of IPF since current smokers developed the disease earlier and died at a younger age than either non-smokers or ex-smokers. No significant differences in the major comorbidities were found between IPF patients with different smoking histories. 
